Purple pigment extracted from the urinary catheters and collecting bags of two elderly female patients was analysed by a variety of chemical techniques. including mass spectroscopy and nuclear magnetic resonance. Although previous studies identified the pigment as indigo, we failed to confirm this. Our analysis also demonstrated that indicanuria is not a requirement for the production of the pigment and furthermore indicates that the molecular structure of the pigment is either a steroidal or bile acid conjugate.
The previously reported phenomenon of 'purple urine' has prompted different hypotheses regarding the nature of the pigment, including the suggestion that it may be indigo. [1] [2] [3] [4] The latter view proposes that in elderly constipated patients prolonged gut transit times result in increased bacterial decomposition of tryptophan to indole. After a series of detoxication transformations in the liver, indoxyl is formed, resulting in excessive urinary excretion of indican (indoxyl sulphate) which then undergoes oxidation to indigo.
It has also been postulated that the rare blue diaper syndrome observed in infancy is caused by a specific defect in the metabolism of tryptophan, with its subsequent conversion to indigo as described above.V to It has further been suggested that indole-producing organisms in urine may playa part in the production of purple urine in patients."
During the past 12 months three elderly female patients in this hospital have developed purple pigment in their urinary catheters and collecting bags. We investigated the purple pigment and report our findings. carried out. One patient received no medication during the course of our investigations, whilst the other was prescribed Amytriptylene, Thioridazine and Amoxycillin. None of these drugs is known to be associated with the production of a coloured urine. Both patients had chronic intermittent urinary tract infections and standard microbiological techniques were used to isolate and identify organisms in the catheter specimens of urine (CSU).
Patients and methods
The purple pigment produced by the patients was found to be soluble in chloroform. The extract was washed three times with water, dried over anhydrous sodium sulphate and evaporated. The residue was further purified by preparative thick layer chromatography on Kieselgel 60F 254 eluting with ethyl acetate containing 2% methanol. The purple band eluting at Rf 0'3 was removed from the plate and isolated by washing with ethyl acetate, After evaporation an oil was produced, which was shown to be a single component by high performance liquid chromatography (HPLC), using a Spectra Physics SP8700 with detector LC87 I and column u-bonda pack TMC-18 column. A gradient was run, running from 100% water to 100% acetonitrile over 10 min, the column being eluted isocratically for a further 5 min before recycling. The flow rate was 1·5 mlJmin and the absorbance setting 0·64. Monitoring at 254 nm showed a single component eluting at 13·9 min. The visible spectrum was monitored in chloroform solution on a Pye Unicam SP 8100. Nuclear magnetic resonance spectra were recorded on a Brucker WH250 and the mass spectrum was recorded on a VG 7070E instrument using electron impact ionisation. Urine samples from the patients were analysed for possible indicanuria using both a screening procedure, utilising Obermeyer's reagent (10% ferric chloride in concentrated hydrochloric acid) and a quantitative method." Obermeyer's reagent oxidises indicans to indigo blue which is extracted into chloroform. The quantitative method is based on the Ehrlich reaction of indoxyl sulphate with p-dimethylaminobenzaldehyde in acid solution. This produces an intense red colour on being made alkaline, which is then extracted into petroleum spirit. The resultant yellow colour was measured quantitatively in a Gilford 240 spectrophotometer, using a standard of potassium indoxyl sulphate.
Results
At various times the urines yielded a variety of organisms including Pseudomonas aeruginosa, Enterobacter cloacae, Proteus mirabilis and faecal streptococci, either singly or in combination. Unsuccessful attempts were made to reproduce the purple colour by inoculating the Pseudomonas aeruginosa isolate into nonpigmented sterile bags of urine (at various temperatures and adjusted to an alkaline pH) from three other elderly female patients.
Purple pigment was consistently present in the urinary collecting bags of both patients and was evident with sterile, infected or colonised urine, and developed over a period of a few hours. However, drainage of the bags demonstrated amber coloured urines, the PVC walls of the bags themselves proving to be stained purple. The urines were found to be alkaline and. on standing, produced phosphate deposits. A glass container used in place of a collecting bag from one of the patients was found after a period of time to contain a phosphate deposit which was coloured purple. The chloroform extract obtained from the phosphate deposit rather than from the urine bag proved to be more suitable for further chemical examination.
Spectral analysis of the purified pigment showed a smooth curve without a shoulder, with an absorption maximum of 540 nm, compared to one of 610 nm exhibited by indigo dissolved in chloroform. Mass spectral data (Fig. I) demonstrated the aliphatic nature of the extracted pigment (peaks between mass 619 and mass 788), together with the presence of a probable steroid structure (major peak at mass Purple urine bag syndrome 187
3 (8) . The fragmentation pattern below mass 368 was similar to that of colesta 3,S-diene, colesta 2,4-diene and colesta 7,14-diene (Sa). Proton and 13C nuclear magnetic resonance (NMR) spectra showed the presence of a large number of aliphatic carbon atoms, together with an aromatic system, the upfield region of the proton NMR spectrum bearing a considerable similarity to a number of derivatives of cholesterol. Both NMR spectra suggest a benzenoid aromatic molecule. possibly with a benzylic group attached and an absence of carbonyl groups within the molecule. The 13C spectrum also showed the molecule to contain at least 18 carbon atoms, from a crude count of the peaks. Of the two investigated patients, one had constant pronounced indicanuria (> 180 mg/24 h), whilst the other had intermittent minimal indicanuria (5-120 mg/24 h).
Discussion
Our findings indicate that in the patients studied indicanuria did not appear to be a prerequisite in the formation of purple pigment and spectral analysis of the latter was unable to identify it as indigo. A study of the mass spectrum and NMR spectra also led to the same conclusion. It is interesting to compare the results of our spectral analysis with those reported by other workers, viz. absorption maximum of 555 nm with a shoulder at 600 nm (in benzene); absorption maximum of 520 nm with no shoulder (in chloroformj/ and an absorption maximum of 550 nm, together with a subsidiary peak at approximately 600 nm (in benzene)." Sapira et al. 1l carried out a complex study involving rats, some being fed with a high salt diet and some with an indole-containing diet. The urines from these animals were collected and it was found that the overlying mineral oil layer, but not the urines, in both groups became blue. purple or violet in colour. The authors also carried out mass spectroscopy of the extracted pigment and were of the opinion that it was composed of a mixture of indigo blue and indigo red (both with a major peak at mass 262). They suggested that the rats treated as above resembled children with the blue diaper syndrome and supported the theory outlined in the introduction. This proposed pathway for the conversion of tryptophan to indigo is shown in Fig. 2 . However, our findings include a molecular structure which is not consistent with that of indigo (Fig. 2) . The purple colouration is most probably due to an extensive system of conjugated carbon-carbon double bonds, possibly in conjugation with an aromatic nucleus. This structure would suggest either a steroidal or bile acid conjugate. It is interesting to note that Sapira et al. 6 also investigated a 2-year-olct girl with congenital adrenal hyperplasia who, after exposure to sunlight, produced blue diapers. It was postulated that the sunlight breaks the B-ring of 7-dehydrocholesterol to form vitamin 03 and by analogy could convert 0-5-pregnanetriol into a substance with a structure similar to vitamin 03. The involvement, if any, of the latter or analogous substances in tryptophan metabolism is, however, unknown. It is interesting to note that in their study the rats fed with a high salt diet also required sunlight to produce the coloured pigments. Our patients, however, were observed to produce coloured pigment during both the winter and summer months. None of our urinary isolates was an indole producer and these bacteria therefore cannot be implicated as a direct cause of the purple pigment production in the bags.
In conclusion, we are unable to support the hypothesis that in our elderly patients the purple pigment is indigo resulting from increased indican excretion. It may be that the mechanism underlying the production of purple urine in elderly catheterised patients is quite distinct from that in children with the blue diaper syndrome. The absorption of the purple pigment both to the PVC walls of the urine bags and the urinary phosphate deposit is intriguing and as yet unexplained. It also remains to be satisfactorily explained why the purple urine phenomenon is exhibited by only a small number of catheterised geriatric patients! or children with spina bifida and urinary diversions who have intestinal obstruction or constipation." It is also known that children with Hartnup's disease (primary tryptophan malabsorption) and phenylketonuria (associated with indicanuria) fail to produce blue diapers." Sapira et «: have suggested that only patients with accompanying renal disease are able to produce indigo blue. However, none of the patients in our study was found to have any evidence of functional renal impairment.
